Increasing water scarcity in the Southern African Development Community (SADC) region has underscored the need to improve our understanding of the management of water resources. Using total evapotranspiration (TET) and precipitation (P) data of the past 16 years this study used a modified version of the climate moisture index (CMI) in order to evaluate water scarcity throughout the SADC region, by examining the relative importance of P and TET on the variability of the CMI. The CMI value for the Democratic Republic of Congo (CMI DRC ¼ 0.347) as well as for Angola (CMI Angola ¼ 0.351), ranged between 0.25 and 1, characteristic of a humid region, whereas CMI values for Botswana (CMI Botswana ¼ 0.027) and South Africa (CMI South Africa ¼ 0.075) ranged between À0.6 and 0 or 0 and 0.25, characteristic of semi-arid to sub-humid regions. Namibia (CMI Namibia ¼ À0.125) has been experiencing drier conditions. The findings of this linear correlation analysis confirm a strong and significant relationship between DRC-Angola (r ¼ 0.837), and a weak but significant relationship between Botswana-Namibia (r ¼ 0.554) and South Africa-Namibia (r ¼ 0.445) with regard to CMI, and suggest the possibility of transferring water from wetter to drier regions in the SADC study area.
INTRODUCTION
Globally, water is available in abundance; however, it is not always located where it is needed. Water scarcity is expected to become an escalating problem in the Southern African Development Community (SADC) region (Wolfe & Brooks ; Rijsberman ) . Precipitation (P) is not evenly distributed throughout the SADC region, leading to remarkable temporal and spatial variability of water resources in the region, and any changes in P impact on hydrology and water resources (Meigh & Fry ; Oki & Kanae ) . For instance, Namibia is the driest country in the SADC region, with sparse rainfall of approximately 285 mm per year (FAO ). On the other hand, Botswana and South Africa receive annual rainfalls of 416 and 495 mm, respectively, and Angola and the Democratic Republic of Congo (DRC) receive more than 1,000 mm of rainfall every year (FAO ).
Most of the major deserts in the world including the Namib Desert and Kalahari Desert in the SADC region are likely to experience decreased amounts of P and runoff with increased global warming (Vörösmarty et al. , ) . In addition, both semi-arid and arid areas are expected to experience a decrease in the amount of rainfall and will face water scarcity (Seckler et al. ) .
problem of inequitable distribution of water resources where cheap water may be available to the rich while the poor have to seek out supplies and tend to lose out in competition for scarce resources (UNDP ).
Coping with increasing water scarcity is a challenge in the 21st century and a new approach is needed to face the challenge and to alleviate water scarcity in the region. The critical choice for water management is to take up the new challenge and to promote potentially useful new technological solutions to meet the needs of society (Vörösmarty et al. ; Wolfe & Brooks ) . As the world's population has swollen to well over 6 billion, some countries have already reached the limits of their water resources (UNDP ).
However, in terms of projections of future climate change and its impact on water resources, water scarcity has been identified by several studies as a major area of interest that is facing the SADC as well as the African con- The climate moisture index (CMI) is used in a wide variety of climate studies to integrate the effects of evapotranspiration and precipitation (P) (Feddema ;
Suzuki et al. ). Typically, the CMI is a ratio of the total evapotranspiration (TET) and P in a given area. It can be derived from commonly available data like annual TET and annual P, and thus is suitable for long-term studies.
In this study, a modified version of the CMI, the TET and P data over the past 16 years, have been used to evaluate water scarcity throughout the SADC region, by examining the relative importance of P and TET on the variability of the CMI.
Finally, the CMI is used to assess water scarcity throughout the SADC study area in order to determine the feasibility of increasing water availability in a water-scarce region by transferring water from a wetter region.
DATA AND METHODOLOGY

Dataset availability
The CMI responds rapidly to changing conditions, and it is 
).
It should be noted that one problem with the dataset is that the GPCP and GLDAS do not specify P and TET by each country boundary, but only by latitude/longitude range. The dataset for each study area (Figures 1 and 2) was generated by the Integrated Land Water Information System (ILWIS). With a geographic information system (GIS) package, ILWIS can allow the researcher to manage, analyse and present geographical data in order to generate information on the specific study area. The latitude [36S, 10N] and longitude [0, 52E] were selected as spatial coverage in order to estimate the P (mm/year) and TET (kg/m 2 s) for the selected study area from 1994 to 2009. The TET value estimated by this method was converted to mm/year from kg/m 2 s in order to calculate the CMI.
These particular methods were selected for several reasons. Firstly, available potential evapotranspiration (PET) data were not found for this particular study area and the methods developed for determining PET are complex.
Secondly, TET and P were estimated for this project because they rely on data that are available for the study area, often with longer record-keeping periods. Thirdly, this dataset has been widely tested, used and validated worldwide (Hulme et al. ) . Of course, the usefulness of this method depends on the suitability of the ILWIS software.
Methodology
The CMI indicator used for assessing water scarcity throughout the SADC study area is based on the one formulated in Thornthwaite & Mather () but adapted by Willmott & Feddema () . It is an indicator that is delimited from À1 to þ1. Positive values indicate a wet region showing a surplus of water in the study area and will be determined by Equation (1), while negative values indicate a dry region where precipitation is not sufficient to meet water demands and will be demonstrated by Equation (2): or
where CMI is the climate moisture index; P is precipitation;
TET is total evapotranspiration.
In this study, the CMI is computed from annual P and annual TET data over the period 1994-2009. These equations will be used for the first time and the results will The CMI is an aggregate measure of potential water availability imposed exclusively by climate (Feddema ) . The relative importance of integrating the effects of P and TET in order to explain trends in the CMI was assessed using GPCP and GLDAS data products. These climate divisions were selected from within each of the areas with cohesive patterns of statistically significant trends in the CMI. ; GWSP Digital Water Atlas a, b). In the Republic of Botswana, Namibia and South Africa, a decrease in TET will increase the CMI by reducing water availability and increasing water demand in the water-scarce region. By contrast, the warmer conditions in these regions increased TET, As illustrated in CMI and low variability in climate (Namibia CV-CMI < À0.75, À0.25) (Table 2) . Nevertheless, Namibia generates water resources with low variability as do Botswana and South Africa, when their local surface runoff is discharged into river corridors. This buffering capacity is particularly apparent when a large proportion of the groundwater resource is not hydraulically connected to the river system, the base flow of the rivers is usually low, and the overlap between surface water and groundwater is negligible (UNEP ).
The CV for the CMI is a useful measure for identifying regions with highly variable climates as potentially vulnerable to periodic water scarcity. It is also a statistical measure of variability in the allocation of water demand to P. Increased CV for CMI often occurs along the interface between the humid and dry areas in the study area known for water stress and water scarcity.
Comparing the CMI between the SADC countries
A useful application of statistics involves comparing two samples to examine whether a difference between them is significant or likely to have been a chance finding. This lends itself well to analysis of experimental data such as shown in Table 3 .
This approach will be dealt with using the following hypotheses: The null hypothesis (H0): There is no difference in terms of CMI between countries and the alternative (H1); the difference exists between countries in terms of CMI. The t-distribution was used and the significant p-value <0.05
indicates that the CMI conditions of the two countries are not the same. In the case of Angola-Botswana and Angola-Namibia a p-value (0.000) less than 0.05 (see Table 3 ) is rejected at the 5% (significance) level; we can therefore reject the null hypothesis (H0) in favour of the alternative (H1). In contrast, the comparison between Angola-DRC (p-value ¼ 0.994) and Botswana-South Africa (p-value ¼ 0.074) does not reject the null hypothesis (H0) in favour of the alternative hypothesis (H1) as is shown in Table 3 (p-value >0.05); the t-test is also significant at 5%. This significance criterion can also be confirmed by the confidence interval when zero lies outside of the confidence limits.
Additionally, a correlation is a way to index the degree to which two or more variables are associated with or related to each other. This concept of relationship is fundamental to understanding research design and statistical analysis; bivariate correlation measures the relationship between two variables. The Pearson correlation coefficient 
CONCLUSION
A new approach using TET to compute CMI was introduced in this study in order to assess water scarcity in the SADC region. Substituting TET for PET in Equations (1) and (2) generated information that illustrated the relative importance of P and TET on the variability of the CMI. TET had a significant effect on the determination of wet and dry regions in the study area, compared to the use of PET. It is believed that more accurate near-term and far-term water resource predictions in the SADC water-scarce region can therefore be produced with a slightly enlarged dataset of TET or PET, and with CMI as an aggregate measure of potential water availability imposed solely by climate.
This study has shown that the CMI results for the DRC, Angola and Namibia, as well the CV for CMI for Angola and the DRC from GLDAS and GPCP are quite consistent with those given on the map of the African continent as mentioned, respectively, in Tables 1 and 2, Figures 6 and 7 (UNEP ). The correlation values (Table 4 ) computed between long-term averages for SADC studied areas with regard to CMI confirm a strong and significant relationship between DRC-Angola (r ¼ 0.837), significant between South Africa-Botswana (r ¼ 0.781) and a weak but significant relationship between Namibia-Botswana (r ¼ 0.554) and
between Namibia-South Africa (r ¼ 0.445). The results of this study also confirm that the DRC and Angola appear Correlation is significant at the 0.01 level (2-tailed).
to be most consistent in terms of climate variability, while Namibia appears to be the least consistent (Table 2) . With regard to the alleviation of water scarcity and improving the availability of water resources in the SADC waterscarce region, the conclusion regarding the feasibility of transferring water from the Congo River will depend on the mathematical formulation of the functions pertaining to this subject as confirmed by the correlation coefficients of the study areas.
The wetness and dryness of the region have been determined by the balance between accumulated rainfall and TET. The results indicate positive CMI trends across all the study areas except for Namibia (Table 1) Namibia shows an increase in dryness due to an increase in TET and a decrease in P. This is an interesting region in the study area because it is one of the most waterscarce regions in the SADC where there has been an obvious warming trend, mainly as a result of the high rates of evapotranspiration.
It is particularly useful to compare TET and PET data in order to determine the overall lack of the available water supply per grid cell in the SADC water-scarce region. The limitation is the lack of PET data in the SADC region and the fact that surface water sources and groundwater in this water-scarce region are not hydraulically connected. Due to difficulties in measuring PET in the SADC water-scarce region and the constraints in obtaining Congo River outflow measurements with adequate sampling and accuracy, the task to alleviate water scarcity in particular areas of the region becomes a major undertaking.
